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In a previous paper ( Copp and Davenport, 1978) we described for the Heli-

conian Agratilis ranillae incarnata ( Riley) experiments on larval feeding prefer-
ences, adult ovipositional preferences, food-plant suitability of various species of

Passiflora, and a field survey of passion-vine infestation in Santa Barbara County,
California. The results indicated that, more than any other factor investigated,

ovipositional preferences determine the infestation levels of the various local

species of Passiflora. All remarks to follow concerning these aspects of the

Agratilis-Passi flora relationship refer to the paper cited above.

If the interface of most direct interaction between the two organisms is the

selection of specific passion-vines as larval food, it follows that the sensory modalities

and consequent behavior governing this selection can be expected to have important
effects on the evolution of both butterfly and plant. The following experiments
were designed to investigate the modalities and behavior. Results are discussed

in the light of the above-cited field studies.

MATERIALS AND METHODS

The butterflies and plants

All procedures for raising Agranlis and collecting Passiflora plant material

have been discussed in the preceding paper. "Host-plant" was defined as that

species of Passiflora on which the adult butterflies had been raised as larvae. Passi-

flora alato-eaeritlea is hereafter referred to as AC ; P. eaemlea as CR; P. inanicata

as MN; Passiflora sp. as SP; P. niollissii/ia as ML; and P. cditlis as ED.

J'isual selection of ovipositional sites

It has been suggested that Helicon ins females select species of Passiflora for

oviposition on the basis of leaf shape (Gilbert, 1975). The possibility that specific

visual cues might function in the ovipositional preferences of Agraiilis was

tested in the following manner.

A single new-growth shoot of a passion-vine (ca. S leaves with the cut end

in 10 ml water) was placed inside an inverted one-gallon glass container fitted with

an air-tight lid. Four, 2.5 cm- wide strips of cheesecloth, taped to the top and

sides of the container, facilitated landing and oviposition by the female butterflies.

1 This work was supported by National Science Foundation Grant GB41210.

2 Current address : Department of Biology, University of Redlands, Redlands, California
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This was placed in a cage (61 cm square, 90 cm tall) beside an identical container

either left empty or containing a new-growth shoot from a different species of

plant. In experiments involving two species of vine, the appropriate removal of

leaves equalized the surface area presented by each.

An experimental trial consisted of placing two containers, comprising an experi-
mental pairing, in a cage with females (four days old, mated, and raised as larvae

on either SP or CR), reversing their position after 24 hours, and counting the

number of eggs on each after 48 hours. Each experimental pairing was con-

ducted three times under laboratory culture conditions (23 C, 60% humidity;
15L:9D).

Three different plant species were used in these experiments : AC, the vine

most oviposited upon by Agraulis in laboratory preference tests; ED, the vine least

oviposited upon in ovipositional preference tests; and Hcdera canariensis (Algerian

Ivy), a readily available plant not oviposited upon by Agraulis in the laboratory.

Leaves of these three plants differ sufficiently in both color and shape to make
them easily distinguishable by the human observer. In a fourth experimental pair-

ing a container with leaf models, cut from green construction paper to the shape
of AC leaves, was paired with an empty control container.

The butterflies had had no previous exposure to plant material prior to all

experiments except those matching AC with Hcdera. In the excepted case, four-

day old females were allowed to oviposit on sprigs of AC and Hcdera in the labora-

tory for an additional four days immediately preceding the test. The increased age
of the females in this test probably had no effect on the results since oviposition
behavior has not been observed to change during the period of active oviposition
in a female's life span.

J 'olatilc stimulants of oviposition

Observations of females in the laboratory suggested that a volatile agent,
emitted by some species of Passiflora, accelerated oviposition by Agraulis females.

The following experiment examines the effect on ovipositional behavior of sub-

stances volatilized from Passiflora leaves.

A three-gallon glass container with an air-tight lid was equipped with a

500 ml Nalgene bottle and a wire screen cylinder such that females placed in the

glass container were able to "smell" vine enclosed in the Nalgene bottle but neither

make contact with it nor see it. About 150 holes, each 1.5 mmin diameter, were

drilled in the side of the Nalgene bottle, and its lid was attached with white glue
to the inside of the lid of the glass container. A wire screen cylinder (10.5 cm
in diameter, 21 cm tall), closed at the bottom, fitted into the neck of the glass

container and prevented tarsal and proboscis contact by the butterfly with the vine

contained inside the Nalgene bottle. Odors could circulate freely.

Prior to an experiment, ten mated, four-day old females were isolated from their

cages and fed a 1 M sucrose solution. Five females were then placed in each of

two glass containers (one experimental, one control), the wire cylinders inserted,

and the containers' lids screwed down, thus suspending the Nalgene bottles within

the wire cylinders. Ten 20 cm long sprigs of fresh new-growth shoots of Passi-

flora (50 leaves), placed with water in the Nalgene bottle, provided the olfactory
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stimulus. Females oviposited primarily on a circle of filter paper placed on the

lloor of the glass container. Experimental containers with vine and control

containers without vine were placed under the cage lights in the culture laboratory,

left 24 hours, reversed, and left another 24 hours. The number of eggs in each

was counted after 48 hours. Each experimental situation was replicated six times

involving a total of 60 females.

Washing all pieces of equipment with 50 c
/c ethanol after each experimental

replicate and randomizing their assembly helped to control for residual, adsorbed

odors. Presumably, humidity levels did not differ between paired bottles. Ther-

mometers, taped to the inside of the glass containers, indicated that in all cases

both experimental and control containers became equally warm over the course

of the experiment (30 C).

Anemotactic behavior

The ease with which a potential host-plant is located by gravid Agraulis females

will partilly determine that vine's level of infestation, assuming that females

spend an appreciable amount of time searching for ovipositional sites. It has

long been known that some adult lepidopterans exhibit a positive anemotaxis

(directed movement upwind) when stimulated by certain olfactory agents such as

sex pheromones. The possibility that Passiflora odors elicit a positive anemotaxis

from Agraulis females was tested in the following experiments.
A four- to six-day old female was tethered in the following manner to allow

restricted flight in any direction : one end of a length of light weight thread was

attached to the butterfly's thorax with a small piece of bubble-gum (a biologically

inert adhesive with immediate "stickiness," low price, and recreational value) and

the other end passed through a 15 cm length of small diameter glass tubing

clamped vertically to a ring stand. The butterfly's thorax was drawn up within

5 cm of the glass tube allowing that much forward flight and unrestricted turning.

The tethered insect could then be subjected to a slow airstream (ca. 0.9 m/sec)

created by an electric fan, the speed of which was regulated by a Powerstat variable

autotransformer. The fan, mounted 0.66 meters from the butterfly, directed

air over a group of plant shoots (about 200 leaves) placed beneath the butterfly's

visual field. A square card, divided into four equal quadrants, was taped to

the table directly beneath the suspended butterfly. A line bisecting one of the

quadrants pointed towards the center of the fan. Forty-five degrees either side

of this line was defined as the "upwind" direction. The orientation of a butter-

fly in stationary flight could then be monitored by noting, from above, the quad-

rant within which the extended tether-string fell. This apparatus was placed in

in a small room separate from the culture laboratory but under the same tempera-

ture and humidity conditions (23 C, 60% humidity).

Twenty-four hours prior to an experiment the females to be tested were selected

from their cages, with no preference for host-plant, and placed without vine in a

holding cage in the separate test laboratory. Just before bringing vine into this

room all females were further isolated in air-tight, one-gallon glass containers, five

females per container, to minimize their exposure to vine odors prior to testing. A
female, selected from one of the containers and attached to the tether, stood on a small
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platform for one minute. The fan \vas turned on at the end of this period and
the platform removed. A single trial began with the consequent, reflex onset of

flight. The hutterfly was randomly oriented with respect to the direction of the

airstream at that time. Each trial lasted for five minutes during which the amount
uf time that the tether pointed in the upwind direction was recorded with a stop-
watch. All experiments began at 10:00 AM. four hours after the hutterfly's
"dawn." Thirty females, in hlocks of ten, comprised three replicates of both

experimental and control situations. Only those females that flew r the entire five

minutes were recorded, and each flew only once.

Specimens of AC. MN, and ML were used as odor sources because they repre-
sent high, median and low points in the spectrum of ovipositional preferences and
in observed levels of infestation in the field. Control experiments omitted the

vine or substituted Hcdcra canaricnsis for Passi flora.

Because the laboratory became contaminated with plant odors during the

experimental trials, it was not possible to subject one butterfly to a control trial

immediately followed by an experimental trial on the same butterfly and still

accumulate an adequate sample size in a reasonable amount of time. Control and

experimental trials occurred several flays apart and involved different groups
of equally old females.

J)ispcrsal o\ adult Agraulis i^iih respect /o host -plan Is

The relative significance of visual cues, volatile stimulants and inhibitors of

oviposition, and olfactory orientation to host-plants in determining the level of

infestation of various species of Passiflora by ^(/ran/is will vary with the degree
of active host seeking and dispersal of the ovipositing females. The movements of

adult butterflies among several separate passion-vines were observed during a

mark-release-recapture study conducted in Isla Vista, California in the summer of

1975.

All captures of butterflies occurred at one of three passion-vines which formed

a triangle (site I to site II, 3S5 m: I-III. 220 m; II-III, 325 m). No other

passion-vines existed within or near this triangle to our knowledge. Prevailing
wind was from \YS\V (i.e., approximately) from site I (MN vine) toward

sites II and III (AC vines). An observer stood near a vine and captured as many
Agraulis butterflies as possible within a one meter radius of the vine for a period
of one hour in the late morning or early afternoon, I'utterflies were individually
marked by writing a number on the underside of the wings with a "Sharpie"

laundry marker. Numbering was easy, permanent and permitted recording of

an individual's movements among the three vines. When released, the num-
bered butterflies flew away immediately and showed no ill effects as a result of

the handling. The number, sex, and time of capture for each butterfly was
recorded according to location.

Each of the three locations was sampled every day for the first two weeks

beginning July 10, 1975 and three times a week thereafter until October 13, 1975.

The three vines were always sampled consecutively on the same day. The order

of their sampling was random. At each sampling the observer recorded the marks

of all recaptured butterflies (those numbered prior to the sampling). Multiple
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TAULK I

Results of tests for visiml discrimination />! different species of plants l>y ovipositing Agraulis. l''.mli

experimental trial lusted -/A
1

hours. P was calculated by Student's t-test for paired comparisons
(P > 11.05; n.s., not significant). AC represents Passi flora alato-caerulea

; ED, P. edulis; and

Hedcra, Hedera canaricnsis.

Experimental
pairing



118 N. H. COPPAND D. DAVENPORT

TABLE II

Effects of Passiflora odors on oviposit ion by Agraulis. Tin- number of eggs is the total number laid by
thirty females during six replicate experiments. In each replicate, a group of ten females was divided

equally between two containers; one with Passiflora, and one without (blank). P was determined by
Student's t-test for paired comparisons (P > 0.05; n.s., not significant). AC represents P. alato-

caerulea; CR, P. caerulea; MN, P, manicata; SP, P. sp. ; ML, P. mollissima; and ED, P. edulis.

Experimental
pairing
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TABLE III

Amount of time out of fire minutes that tethered Agraulis females faced upwind in airstreams labeled

with various plant odors. Mean time represents the mean upwind flight time for thirty females.
P -was calculated by Student's t-test comparing the mean with a hypothetical value of juo

= 75 sec

(P > 0.05; n.s., not significant). The standard error of the mean is given in seconds. ACrepresents

Passiflora alato-caerulea
; MN, P. manicata; ML, P. mollissima; and Hedera, Hedera canariensis.

Airstream
treatment
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TABLE IV

Mark-release-recapture data for Agraulis in Isla Vista, California, July 10 to October 13, 1Q75.

Site I is a MNvine; sites II and III are A C vines. The "mark site" is the site at which the butterfly

was originally marked.

Site
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A more detailed look at the instances of emigration between sites reveals the

following ])oints: first, of the 41 hutterllies that moved hot ween vines at least

once. 24 were female and 17 male. Males and females exhibited no significant

difference in their tendencies to emigrate (/' < 0.05, chi-squared test for goodness-

of-fit) ; secondly, the apparent si/e of a site's subpopulation did not correlate with

the proportion of marked butterflies that emigrated from that site as was found

to be true for Picris (Shapiro, 1970). Site I, a large MNvine with an apparently
dense subpopulation, yielded 30 of the 41 emigrants, i.e., 15.2% of the total number
of butterflies marked at site I moved between sites at least once. This compares
with 12.8% emigrants front site III, a small, relatively sparsely populated, AC
vine, and 5.0% from site II. an AC vine of intermediate size and population

density; and thirdly, emigrants did not favor any site for arrival. The 30

emigrant adults numbered at site I made 13 trips to site II, 19 to site III.

and only eight return trips. The six emigrants from site II made a total of six

trips, three to each of the other sites, and no return trips. Three of the five

emigrants from site III went to I, two to site II and none made return trips.

Considering the results of the adult flight orientation experiments and the pre-

vailing westerly wind direction, emigrating butterflies had been expected to

move upwind toward site I, but they did not do so.

I )FSCUSSION

The foregoing experiments indicate that the ovipositional preferences of

Agranlis, as exhibited in the laboratory, can be explained as graded responses to

various ratios of volatile and contact-chemical signals which affect oviposition.

The ovipositional responses may be triggered (e.g.. AC, CR, MN, SP) or inhibited

(e.g., ML and ED) by contact-chemical stimuli. The rate of oviposition after

triggering could be partially determined by volatile stimulants (e.g., AC and CR)
or inhibitors (e.g., MN and SP). Gradations in quantity or differences in

quality of either chemical component could account for finer resolution of host-

plant species by ovipositing females. Pre-ovipositional behavior and oviposition

in several species of Lepidoptera have been shown to be affected by both volatile

cues (e.g., Vaidya, 1969; Stiidler, 1974; Sutherland, Hutchins and Wearing,

1974) and contact-chemical cues (e.g., Yamamoto, Jenkins, and McClusky,

1969; Maand Schoonhoven, 1973).

The generalized role of vision in the selection of ovipositional sites by

Agranlis is not surprising in view of similar findings for other lepidopterans

(e.g.. Use, 1937; Vaidya, 1969; Wiklund. 1974). However, it has been proposed

that Heliconins butterflies select species of Pass! flora for oviposition primarily

on the basis of learned or innate visual responses to specific leaf shapes (Gilbert,

1975). Our experiments gave no indication of this capability in Agranlis.

Considering the low frequency with which Agranlis butterflies move between

specimens of Pass! flora, the upwind flight response does not appear to be signif-

icant in affecting host-plant selection in the field. There are other possible

functions for this orientational response: it may aid in the localization of new host-

plants if, in response to extreme host-plant depletion, Agranlis dispersal increases.

Since Agranlis larvae frequently pupate some distance from the host-plant,
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the upwind flight response may serve in the initial localization of the host-plant
by the newly emergent adult. A third possible function is that it may, in effect,

"trap" adults around their particular larval food plant. None of these possi-
bilities excludes the others, and each may work in concert with visual orientation

to learned landmarks. The ability of other adult heliconians to return repeatedly to

a single site is evident in their "traplining" of pollen resources (Ehrlich and Gil-

bert, 1973).
The division of a population of butterflies into a number of subpopulations,

each centered on a different patch of plant resources, has been observed in Hcli-

coniits (Erhlich and Gilbert, 1973) and Enphydryas cditha (Ehrlich, 1961
;

Gilbert

and Singer, 1973; Ehrlich and Singer, 1974). For these butterflies adult dis-

persal seems to depend mainly on the distribution of the adult's food resources.

In contrast, subpopulations of Agraitlis in Santa Barbara County were found
to be centered on single larval food-plants. Agraitlis in the tropical zone might
be expected to disperse more widely among larval food plants as a consequence
of increased parasitic pressure and competition for food, much as Helicon! us

avoids local concentrations of parasites or larval overcrowding by spreading out

its eggs in both space and time (Gilbert, 1975).
In southern California it would seem that the pattern of Passiflora infestation

does not result from active choice by female butterflies searching for ovipositional

sites, as much as from the "trapping" of sedentary populations on specific plants,
the levels of infestation depending primarily on the balance of compounds affecting

oviposition particular to that species of Passiflora. The following model for local

host-plant infestation by Agraulis is proposed. A previously uninfested passion-
vine, or one which has lost its population by winter-killing, is located by a female,

possibly as a consequence of an upwind flight response to host specific odors

followed by a series of nonspecific, visually directed test landings. Oviposition is

apparently triggered or inhibited by appropriate contact-chemical cues. If trig-

gered, it proceeds at a rate dependent on the concentration of chemical stimulators

and/or inhibitors (volatile and nonvolatile). Following successful development,

subsequent generations of females oviposit on the same individual plant. The newly
established subpopulation of butterflies increases at a rate which depends primarily
on the rate of oviposition and, secondarily, on the rate of larval and pupal mortality
on that species of vine.

The local association between Agraitlis and Passiflora could be severely affected

at any number of control points at each step of this proposed model. These control

points need not necessarily involve plant chemistry. For example, Gilbert (1971)
has demonstrated that hooked trichomes on the leaves of Passiflora adenopoda
act as a highly effective barrier to heliconian infestation by virtue of their lethal

effect on the larvae. Also, Singer (1971) has demonstrated in Enphydryas editha

that the growth forms and microhabitats of various potential host-plant species

determine which is most infested in a single locale by a particular population

of the butterfly. However, the Agraulis-Passi flora association in Santa Barbara

County appears to hinge on plant chemistry, more particularly, on these chemical

factors directly involved in the butterflies' specific ovipositional responses. Plant

chemistry has been shown to be an important element in the coevolutionary rela-
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tionships between other lepidopterans and their host-plants (Ehrlich and Raven,

1964; Dolinger, Ehrlich, Fitch and Breedlove, 1973 ).

It would broaden our understanding of the (revolutionary relationship between

heliconians and passion-vines to examine further the role of plant chemistry in

host-plant localization and oviposition by the butterflies and to conduct an in-depth
chemical survey of the family Passifloraceae from the standpoint of the chemical

control of butterflv behavior.

Wewould like to thank Mr. Stephen Maskel whose accuracy with a butterfly

net helped us considerably in the mark-release-recapture study.

SUMMARY

1. The behaviors and sensor}- modalities involved in the selection of Passi flora

host-plants for oviposition by the heliconian butterfly Agraulis vanillae were

investigated.

2. Ovipositing females are attracted to oviposit near green leaf-shaped objects
on the basis of generalized visual cues but make no ovipositional distinction

between P. alato-caentlea and P. cdulis, which are readily discriminated when
full access to the vines is allowed.

3. The rate of oviposition by female Agraulis is accelerated by odors from

P. alato-caentlca and P. cacntlca, retarded by odors from P. inanicata and Passi-

flora sp., and not affected by odors from P. edit I is or P. iiiollissiiua.

4. Contact-chemical stimulants and inhibitors of oviposition are presumed to

exist in the leaves of passion-vines on the basis of circumstantial evidence. Attempts
to demonstrate directly their existence have not yet been successful.

5. Female Agraulis exhibit a positive anemotactic response in an airstream

that has passed over one of at least two species of Pass! flora, P. alato-cacndca and

P. inanicata, but not in an airstream passed over P. uiollissiina.

6. A mark-release-recapture study of adult movements among three passion-

vines demonstrated that butterfly subpopulations tend to form on each vine with

little exchange between different subpopulations.

7. The primary factor determining the infestation level of a particular Passi-

flora by AgrauUs is the balance of chemical cues directly involved in oviposition that

are present in that Passiflora. Possible functions for the upwind flight response

are suggested. Further research on the plant chemistry of the family Passi-

floraceae as it relates to heliconian behavior would broaden our understanding of

\ie\icoma.n-Passiflora coevolution.

LITERATURE CITED

COPP, N. H., 1976. Host-plant selection by the Gulf fritillary butterfly Ar/raiilis vanillin- incar-

nata (Riley). Ph.D. Dissertation, University of California, Santa Barbara, 117 pp.

COPP, N. H., AND D. DAVENPORT, 1978. .li/nnilis and Pussijlura. I. Control of specificity.

Biol. Bull., 155: 98-112.

DOLINGER, P. M., P. R. EHRLICH, W. C. FITCH. AND D. F. BREEDLOVE, 1973. Alkaloid

and predation patterns in Colorado lupine populations. Occolof/ia, 13 : 191-204.



124 N. H. COPPAND D. DAVENPORT

EHRLICH. P. R., 1961. Intrinsic barriers to dispersal in a checkerspot butterfly. Science,

134: 108-109.

EHRLICH, P. R., AND L. E. GILBERT, 1973. Population structure and dynamics of the tropical

butterfly Hcliconhis ctliilla. Biotropica, 5 : 69-82.

EHRLICH, P. R., AND P. H. RAVEN, 1964. Butterflies and plants; a study in coevolution.

Evolution, 18: 586-608.

EHRLICH, P. R., AND M. C. SINGER, 1974. Adult movements and population structure in

Euphydryas edit ha. Evolution. 28 : 408-415.

Fox, R. M., 1966. Foreleg's of butterflies I. Introduction: chemoreception. /. Res. I.epid..

5: 1-12.

GILBERT, L. E., 1971. Butterfly-plant coevolution: has Passiflora adenopoda won the selec-

tional race with heliconiine butterflies? Science. 172: 585-586.

GILBERT, L. E., 1975. Ecological consequences of a coevolved mutualism between butterflies

and plants. Pages 210-240 in L. E. Gilbert and P. H. Raven, Eds., Cocvoliition of

animals and plants. University of Texas Press, Austin.

GILBERT, L. E., AND M. C. SINGER, 1973. Dispersal and gene How in a butterfly species.

Am. Nat.. 107: 58-72.

ILSE, D., 1937. New observations on responses to colours in egg laying butterflies. Nature.

140: 544.

MA, W. C., AND I.. M. SCIIOO.N IIOVE.V. 1973. Tarsal contact chemosensory hairs on the

large white butterfly Pieris I'nissicae and their possible role in oviposition behavior.

Entoinol. E.rp. Appl.. 16: 343-357.

MOOREHOUSE,J., 1971. Experimental analysis of the locomotor behavior of Scliistocerca

t/rei/ariti induced by odor. ./. Insect Physio/., 17 : 913-920.

SCHURR, K., AND F. G. Hor.DAWAY, 1970. Olfactory responses of female Ostriniu nnbitilis

(Lepidoptera : Pyraustinae). Entoinol. E.rp. Appl.. 13: 455-461.

SHAPIRO, A. M., 1970. The role of sexual behavior in density-related dispersal of pierid

butterflies. Am. Nat.. 104 : 367-372.

SINGER, M. C., 1971. Evolution of food plant preference in the butterfly Euphydryas cditha.

Evolution, 25: 383-389.

STADLER, E., 1974. Host plant stimuli affecting oviposition behavior of the eastern spruce bud-

worm. Entoinol. E.rp. . Ippl.. 17 : 176-188.

SUTHERLAND, O. R. W., R. F. HI/TCHINS, AND C. H. WEARING, 1974. The role of the

hydrocarbon a-farnesene in the behavior of the codling moth larvae and adults. Pages

249-263 in L. Barton Browne, Ed., Experimental analysis of insect behavior. Springer-

Verlag, New York.

VAIDVA, V. G., 1969. Investigations on the role of visual stimuli in the egg laying and

resting behavior of Papi/io demoleiis L. (Papilionidae, Lepidoptera). Aniin. Behav.,

17: 350-356:

WEARING, C. H., P. J. CONNOR, AND K. D. AMBLER, 1973. Olfactory stimuli of oviposition

and flight activity of the codling moth, Laspeyresia pomonella. using apples in an

automated olfactometer. A". Z. J. Sci.. 16: 697-710.

WERNER,R. A., 1972. Aggregation behavior of the beetle I ps i/randicolis in response to host-

produced attractants. J. Insect Physio!.. 18: 423-437.

WIKLUND, C., 1974. Oviposition preference in Papilio mnchaon L. in relation to the host

plants of the larvae. Entoinol. E.rp. Appl.. 17 : 189-198.

YAMAMOTO,R. T., AND G. FRAENKEL, 1960. The physiological basis for the selection of

plants for egg laying in the tobacco hornworm, Protoparcc se.rta (Johan.). Proc.

Int. Coinir. Entoinol. llth 1'icnna, 3: 127-133.

YAMAMOTO,R. T., R. Y. JENKINS, AND R. K. McCLUSKY, 1969. Factors determining the

selection of plants for oviposition by the tobacco hornworm, Manduca se.rta. Entoinol.

Ent. Appl.. 12 : 504-508.


